Introduction
concerns about science gaps and the risks of using Although many studies have evaluated marine reserves, few have done so using a scientifically rigorous study design. After reviewing 205 papers investigating the effects of marine reserves, Willis et al. (2003) concluded that only five empirical studies reporting increased density within reserves had appropriate rigor in their design. Their standards for rigor included replication in both time and space and a biologically significant reserve effect. Lack of adequate spatial replication is particularly problematic (Hurlbert 1984 , Underwood 1990 ) because the appropriate level of replication to test reserve efficacy is the reserve/nonreserve unit (Russ 2002 ). Scientific rigor is particularly important when the science is used to support management decisions that may have significant socioeconomic impacts, as is the case with reserves. Carr We tested several hypothesized effects of reserve establishment across a suite of five reserves within one biogeographical region (the Southern California Bight). We hypothesized that, compared to unprotected areas, the harvested fishes in no-take reserves would exhibit (1) greater density and average size, and (2) greater total fish biomass and fecundity (egg production). Increases in density and average individual size are of particular interest because the relationship between individual fish length and egg production is exponential. We directly measured density and size, and then calculated biomass and egg production. Although vitally important, egg production in no-take areas has rarely been calculated.
Though we studied multiple reserves to improve the generalizability of our results, virtually all marine protected area (MPA) studies are constrained by the fact that they are not chosen at random and natural habitat differences may bias results favorably for reserves (Russ 2002 , Willis et al. 2003 . We tested this alternative hypothesis that our results were due to habitat differences inside vs. outside the reserves by (a) directly comparing physical habitat characteristics, and (b) comparing non-targeted species, which would be expected to respond to habitat differences but not directly to changes in fishing effort.
Methods

Five study sites
Each study site consisted of a reserve and non-reserve pair. We examined three island and two mainland marine protected areas (MPAs) (Fig. 1) Wi thin-site sampling design From September to December 1997 and August to November 1998 we collected data on fish and habitat at 1 54 transects. Each of the five sites included an "inside" area (the no-take marine reserve) and an "outside" area (1-15 km from the boundary). For outside areas, rockyreef substrate was identified using surface observations. To avoid edge effects, we sampled within the central portion of the reserves at least 100 m from the boundary, and outside areas were at least 1 km from the boundary.
In 1997 we sampled 39 transects. Three to five sampling locations were chosen haphazardly from within the inside and outside areas; locations with the most obvious kelp beds were chosen preferentially. Although sampling locations were not selected randomly, they were selected without knowledge of the fish assemblages at each location and a similar process was used for selecting both inside and outside locations. Each sampling location had only one transect, with all transects at least 100 m apart. In 1998 we randomly sampled 1 1 5 transects among available kelp beds, with 2-5 sampling locations in each inside or outside area. At each sampling location, transect locations were chosen at randomly selected distances along the 10-m isobath. Each sampling location had one to six transects separated by at least 5 m. Overall, we surveyed 12 to 1 7 transects at each reserve/non-reserve site, with similar numbers of transects inside (80) and outside (74).
All fish and habitat observations were conducted by scuba divers along 30-m transect tapes set on rocky substrate that varied between 6 m and 12 m deep. To avoid disturbing the area prior to sampling fish (which might bias density estimates), transect tapes reeled out behind divers as they swam. To avoid double counting individuals, divers recorded only those fish in front of them. Timed roving surveys were performed immediately following the density surveys by recording the number and size of all fish encountered in the vicinity of the transect (15 min in 1997 and 7.5 min in 1998). Visibility ranged from 4 m to 30 m on all transects. We alternatelv sampled reserve and non-reserve transects at each site before moving to the next site in order to reduce possible temporal autocorrelations. Estimates ofbiomass density and egg production. -We used estimated lengths of individuals from the density surveys to calculate biomass (g somatic wet mass/ 180 m3) using length-mass equations from the literature (Appendix A). We calculated egg production from the density surveys using only mature fish (length at which 50% of the age/size class is fecund). We estimated fecundity by applying length-or mass-specific batch fecundity equations (Appendix B) to each mature female and multiplying by the number of batches per season (eggs per year per 100 m3). Females were specifically identified only for Semicossyphus pulcher (California sheephead; see Plate 1); otherwise we multiplied the number of eggs per year per 100 m3 by the estimated percentage of females within each species' population, obtained from the literature.
Habitat characteristics
Because most marine-reserve studies suffer from the possibility of bias due to nonrandom reserve placement (Myers 2003) , we tested the alternative hypothesis that differences in habitat attributes between reserve and non-reserve areas explain any observed fish responses to MPAs using two approaches: (1) comparing direct measures of habitat, and (2) relating harvest intensity to the degree of species' response from MPA protection.
Direct habitat measures. -We measured physical habitat characteristics relevant to fish populations ( We used two multivariate approaches to test similarity of habitat characteristics per se inside and outside the reserves. First, for a visual assessment of trends, the number of variables was reduced using principalcomponents analysis (PCA) and the first two principal components were plotted in two-dimensional space. The different variables describing habitat characteristics in 1997 and 1998 made separate analysis by year necessary. Second, discriminant analysis was conducted using all variables, both years included. After square-root transformation of the data, assumptions for the multivariate analyses were met for all tests. We did not find any habitat pattern by protection status in the two-dimensional PCA-reduced space (Fig. 2) , nor in a discriminant analysis (Table 2) . Instead, the close proximity between pairs of reserve and non-reserve locations plotted in reduced space indicate that the habitat attributes of control and reserve pairs were most similar to each other. The 1997 and 1998 eigenvector plots ( Fig. 2 : bottom panels) show that sampling locations in the reduced space follow a gradient of high-relief substrate (upper right quadrant) to low relief (lower left quadrant). In 1997 the inside and outside Catalina transects were distinguished from the other sites by greater abundances of giant kelp and steeper substrate; in 1998, the La Jolla transects were distinguished by greater percentages of bare rock. In addition, the reserve and non-reserve canonical-variable scores generated from the discriminant analysis were similar, ranging from 1.24 to 4.15 inside the reserves and from 1.42 to 4.21 outside (Fig. 3) .
Harvest levels and reserve responses. -Although we collected data for all fish species on transects, we focused analyses on a subset of 10 species for assemblage-and population-level contrasts because these species are common residents of giant kelp forests on rocky reefs, encompass the range of relative harvest levels on local populations, and were sufficiently abundant in our samples for robust statistical analyses (see species in bold in Table 3 ). Because female and male sheephead Table 1 Because the response of different species to no-take reserves is expected to vary according to harvest, we identified three distinct types of species for our analyses according to landings: "non-harvested," "incidentalharvested," and "target-harvested" (Table 3) . Although increases in predatory fish (target-harvested) may affect non-harvested species via trophic interactions, we predicted that the non-harvested species would not RecFIN) . Because the commercial opaleye fishery has not been assessed, we also used the RecFIN estimate for mean individual mass. Paralabrax clathratus (kelp bass) and P. nebulifer (barred sand bass) are prohibited from commercial harvest. Hypsypops rubicundus (garibaldi) is prohibited from all harvest; although some unreported catch of this protected fish probably occurs, harvest was designated as 0 because landings are not reported. Although there is some reported harvest of two of the "non-harvested" species, we classified them as such because harvest is very low, their small mouths make them difficult to catch, and nuisance behaviors make them undesirable to fishermen (Love 1996) . § Limited commercial fishery is not included here because landings not reported by species. || Size limit began in 1998.
show the same increases inside reserves as expected for targeted species. Most of the species are caught primarily in the recreational fishery, thus we standardized landings data to numbers of fish. We assessed the mean annual landings by species for the five years prior to and including the two years of this study (1994) (1995) (1996) (1997) (1998) (Table 3) .
We used a single-, fixed-factor ANOVA to test whether the number of fish landed differed between the groups of species defined by harvest classification, with Tukey-adjusted pairwise comparisons. First, the numbers of fish landed were significantly different among the three categories of harvest assemblages; second, each assemblage differed significantly from the others (Table 4) . To explore the relationship between landings and reserve response, we used the response ratio of mean fish densities (legal-sized) inside vs. outside of reserves as a measure of reserve effectiveness. We then tested whether response ratios were different by harvest classification using a single-, fixed-factor ANOVA and Tukey-adjusted pairwise comparisons. Finally, the response ratios (density of legal-sized target-harvested species inside vs. outside the reserves) were significantly different among the three harvest assemblages; there were significant differences between target-harvested vs. incidental-harvested and target-harvested vs. non-harvested fishes, but incidental-harvested and non-harvested species were not significantly different from each other. Overall, we found that the reserve effect was related to harvest intensity: the reserve response was strongest for the most heavily fished species, moderate for incidentally harvested species, and inconsistent and small for non-targeted species.
Population parameter analyses
To determine the relative effects of reserve protection, site, and temporal variability and the interactions among these three treatments, we compared mean densities and sizes using full three-factor analyses of variance. We first use MANOVAs on species assemblages to look for broad patterns across species and sites. Since fish are predicted to respond differently based on relative harvest level, we compared the structure of the three categories of fish assemblages separately. Because many of the MANOVA results were complex, we then used univariate ANOVAs to clarify detailed patterns by species and site.
The five sites are the appropriate level of replication for the effect of reserve, thus we adapted the general linear model by using the reserve X site X year mean squares (MS) instead of the residual error MS. For all factorial analyses, the factors of reserve (1 df), site (4 df), and year (1 df) were considered fixed, random, and fixed, respectively. The factor of site was set a priori as random because the scope of this study included all rocky reefs within southern California and the design randomly selected sampling locations stratified within representative island and mainland sites throughout the region. Based on the random factor of site, the F ratios for the effects of year, and reserve X year were calculated using the interaction MS containing site instead of residual MS. Data were square-root, root-root, or log+1 transformed when necessary to meet the assumptions of normality and homogeneity of variances for all analyses of variances. Effects with P values < 0.05 were considered significant. Statistical testing was performed using Systat 10 (SPSS 2000).
Results
During all surveys, 38 fish species in 20 families were encountered (Table 3) including more than 80 000 individuals. Appendix C contains values for mean, standard deviation, and n for all population parameters.
Density
Target-harvested fishes. -Harvested species were generally more abundant (number offish per 100 m3) inside reserves than outside them, with differences in magnitude among sites (Fig. 4a) . There was a significant reserve X site interaction in the multivariate analysis (Table 5 , Appendix D). Of the four univariate analyses (all sizes), significant effects were detected for kelp bass, barred sand bass, and male sheephead. For kelp bass, there were significantly higher densities inside reserves, and significant differences among sites (Table 6 , Appendix E). Density of barred sand bass was significantly higher inside Laguna. California sheephead females differed significantly among sites only. Male sheephead showed a significant interaction of reserve X site X year; pairwise comparisons showed densities significantly higher inside Catalina and the Natural Area. Four of the five largest response ratios (mean density differences as a ratio of reserve to non-reserve densities) included the target-harvested species (Fig. 5a) . California sheephead males showed the greatest difference: 3.68 ± 2.88 (mean ± SE, i.e., there were 3.68 times more male sheephead inside reserves compared to outside with SE = 2.88 among the five sites. There were 2.81 ± 0.75 times more individuals inside reserves than outside for kelp bass, 1.78 ± 1.53 for barred sand bass, and 1.59 ± 0.28 for female sheephead. Legal-sized harvested species were sometimes completely absent outside reserves (Fig. 4b) ; they were generally more abundant inside reserves than in control areas, with site-specific differences. Multivariate analysis of kelp bass and sheephead showed significant effects of reserve by site, reserve by year, and site by year (Table 5 , Appendix D). Univariate analysis for kelp bass showed a significant reserve X site interaction (Table 6 , Appendix F); pairwise comparisons show significantly higher densities inside all reserves except Laguna, where they were rare. For legal-sized barred sand bass a pairwise comparison showed significantly higher density inside Laguna. The only significant effect for legal-sized female sheephead was increased density inside reserves, with no legal females encountered outside the reserves at Catalina or the Natural Area. Males had a significant interaction effect of reserve X site X year, with significantly higher densities inside Catalina and the Natural Area. Note that legal-sized males were not encountered anywhere at Laguna, or outside the reserves at Catalina or La Jolla. Response ratios for all species indicated higher densities inside reserves (Fig.  5b) , with 15.26 ± 5.03 times more legal-sized individuals inside reserves than outside for kelp bass, 6.25 for barred sand bass (no SE), 3.50 ± 3.07 for male sheephead, and 2.12 ± 0.72 for female sheephead.
Density of reproductively mature individuals of the two most common target-harvested species was also analyzed (Table 6 ). For mature kelp bass (>22 cm TL), there was a significant site x reserve interaction; pairwise comparisons show there were more mature kelp bass at Catalina, La Jolla, and the Pelican Closure. Mature sheephead (>29 cm TL) were significantly more numerous inside reserves. Response ratios show greater density of mature targeted-harvested species inside reserves, with 4.5 ± 2.0 more kelp bass and 8.8 ± 3.3 more sheephead inside reserves.
Incidental-harvested fishes. -Results for the incidental-targeted fishes indicate that site was a more important factor than reserve (Fig. 4c) . Multivariate analysis of the four species showed a significant effect of site only (Table 5 , Appendix D). For this reason no significant reserve effects were expected during the univariate analyses (Table 6 , Appendix E), and pairwise comparisons of reserve effects at individual sites were not necessary. The univariate test for Chromis punctipinnis (blacksmith) showed significant main effects of site and year because densities at island sites were higher than mainland sites, and significantly increased densities in 1998. A site effect was significant for Embiotica jacksoni (black surfperch) due to their absence at Catalina. Girella nigricans (opaleye) also had a significant site effect based on higher densities at the island sites compared to the mainland sites. The site X year interaction was significant for Medialuna californiensis (halfmoon). The mean reserve : non-reserve ratios (Fig.  5a) were 0.96 ±0.16 inside compared to outside reserves for blacksmith, 1.13 ± 0.35 for black surfperch, 1.47 ± 0.47 for opaleye, and 2.78 ± 1.39 for halfmoon.
Non-harvested fishes. -Density patterns for the nonharvested fish assemblage were mixed (Fig. 4d) . Multivariate analysis on densities (all sizes) of the nonharvested species assemblage showed a significant interaction effect of reserve X site X year (Table 5 , Appendix D). Univariate analyses revealed only two significant differences by reserve status (Table 6 , Appendix E): Hypsypops rubicundus (garibaldi) showed a significant reserve X site interaction due to higher densities inside reserves at the Natural Area; Oxyjulis calif ornica (senorita) showed a significant reserve X site X year interaction, with higher densities outside the Pelican Closure. For Halichoeres semicinctus (rock wrasse) site X year was significant. The non-harvested species' response ratios (Fig. 5a) included three of the five lowest ratios: 1.44 ± 0.53 for garibaldi, 0.99 ± 0.32 for rock wrasse, and 0.58 ± 0.22 for senorita.
Size structure
We constructed size-frequency histograms (Fig. 6) for each species of the target-harvested assemblage. The largest size classes for the target species existed only inside the reserves; in contrast, the non-harvested species' size distributions were similar inside and outside the reserves.
Target-harvested fishes. -Mean sizes (cm TL) of the target-harvested species were generally larger inside reserves, with site-specific differences. Multivariate analyses on sizes of target-harvested species (all sizes) show a significant effect of site X year (Table 5 , Appendix G). For kelp bass, the univariate analysis of mean sizes show significant main effects of reserve and site only (Table 6 , Appendix H). Barred sand bass were found only at Laguna and La Jolla, with significantly larger fish at Laguna. For female sheephead there was a significant interaction of site X year, and a significant main effect of reserve. Sheephead males showed significantly larger fish at Catalina and the Pelican Closure. The target-harvested group contained the four largest response ratios (Fig. 5c ), 1.41 ± 0.05 times larger kelp bass inside reserves than outside, 1.37 ± 0.03 times Notes: Analyses were not performed for mean size of incidental-harvested species or for barred sand bass due to insufficient data. Target-harvested species tested were kelp bass and sheephead; incidental-harvested species were black surfperch, blacksmith, halfmoon, and opaleye; non-harvested species were garibaldi, rock wrasse, and senorita. For full MANOVA tables, see Appendix D for mean density and Appendix G for mean size. larger barred sand bass, 1.33 ± 0.1 times larger female sheephead, and 1.22 ± 0.14 times larger male sheephead.
All response ratios for legal-sized target species were >1, indicating that on average legal-sized targeted animals were larger inside the reserves (Fig. 5d ). There were 1.12 ± 0.07 times larger legal-sized kelp bass inside reserves than outside, 1.06 (no SE) times larger barred sand bass, 1.05 ± 0.04 times larger female sheephead, and 1.10 ± 0.12 time larger male sheephead.
Incidental-harvested fishes. -Comparisons by site and reserve status found that incidental-harvested fishes responded positively within reserves for 75% of the comparisons. There were insufficient data to perform a multivariate analysis of mean size on the incidentalharvested species. Blacksmith had a significant site X year interaction (Table 6 , Appendix H). Black surfperch had a significant site effect, and pairwise comparisons showed that they were significantly larger inside La Jolla and at the Pelican Closure. Opaleye showed a significant site X year interaction, and were significantly larger inside the reserves. Halfmoon had a significant reserve X site interaction, with larger fish inside reserves at Catalina and the Pelican Closure. Out of 11 comparisons of response ratios for sizes, the incidental-harvested fishes ranked mid-to low-range: 5th, 6th, 9th, and 10th (Fig. 5c ). There were 1.18 ± 0.06 larger opaleye inside than outside, 1.1 ± 0.1 1 SE times larger black surfperch, 1.11 ± 0.09 times larger halfmoon, and 1.06 ± 0.11 times larger blacksmith.
Non-harvested fishes. -We did not find reserve effects for mean sizes of the non-harvested fish assemblage (garibaldi, rock wrasse, and senorita), with only a significant site and site X year interaction in the multivariate analysis (Table 5 , Appendix G), as well as in each univariate analyses (Table 6 , Appendix H). The reserve : non-reserve ratios ranked 7th, 8th, and 1 lth out of 11 (Fig. 5c) . The mean sizes were 1.11 ± 0.05 times larger for garibaldi inside compared to outside, 1 . 1 1 ± 0.04 times larger for rock wrasse, and 0.89 ± 0.04 as large for senorita.
Reserve size and/or age and response magnitude
We used linear regression to test whether reserve effects on the targeted species were correlated with reserve area or age. Reserve effects were calculated as the log ratios (inside:outside) of mean fish density (legal sizes), and mean fish size. None of the slopes were significantly different from zero (Fig. 7) . Thus, increases in density and sizes of targeted fish inside the reserves increased proportionally with reserve size (as opposed to exponentially, for example), and length of protection did not appear to affect the reserve response for these reserves.
Biomass
Target-harvested fishes. -Biomass values (g/100 m3) were higher inside reserves (all sizes) for 67% of the comparisons (Fig. 8a) . The response ratios comprised four of the five largest biomass ratios (Fig. 5e) . Biomass was 9.80 ± 3.36 (mean ± SE) times greater inside reserves compared to outside for kelp bass, 2.92 ± 2.36 times greater for barred sand bass, 5.25 ± 2.30 times greater for female sheephead, and 3.52 ± 0.73 times greater for male sheephead.
Biomass values for legal-sized fishes were higher inside reserves for 87% of the comparisons (Fig. 8b) . Response ratios were 27.35 ± 8.70 times greater inside compared to outside reserves for kelp bass, 8.19 (no SE) times greater for barred sand bass, 5.66 ± 4.97 times greater for female sheephead, and 3.52 ± 0.73 times greater for male sheephead (Fig. 5f) .
Incidental-harvested fishes. -Incidental-harvested biomass values were higher inside reserves for 60% of the comparisons, and the remaining 40% of the differences by reserve status were nominal (Fig. 8c) . Mean reserveto-non-reserve biomass ratios were 8.45 ± 6.30 times greater inside reserves compared to outside for half- moon, 2.34 ± 1.58 times greater for blacksmith, and 1.73 ± 0.96 times greater for black surfperch (Fig. 5e) .
Non-harvested fishes.
-Biomass values for 47% of the non-harvested species were higher inside reserves (Fig.  8d) . At La Jolla biomass values were higher outside for all non-harvested species, and there was a trend toward higher values outside reserves for senorita. Reserve-tonon-reserve ratios of biomass for the non-harvested species comprised three of the four smallest ratios (Fig.   5e ): 1.87 ± 0.65 times greater inside compared to outside reserves for garibaldi, 1.47 ± 0.74 times greater for rock wrasse, and 0.46 ±0.18 for senorita.
Egg production
Target-harvested fishes. -The egg production values (number of eggs per year per 100 m3) for 77% of the target-harvested fishes were higher inside reserves, and 62% were substantially higher (Fig. 9a) . The three highest reserve : non-reserve ratios were found for the target-harvested species: 15.79 ± 6.23 times more egg production potential inside the reserves compared to outside for kelp bass, 3.49 ± 2.50 times more for barred sand bass, and 5.66 ± 4.97 times more for sheephead (Fig. 5g) .
Non-harvested fishes. -For non-harvested species 88% of the comparisons showed higher values inside reserves, but substantial egg production was also found outside reserves (Fig. 9b) . For rock wrasse, at La Jolla all egg production potential was found outside the reserve, but at Laguna all egg production was found inside the reserve. Egg production was consistently higher inside reserves for garibaldi, but the differences were small at Catalina and La Jolla. The reserve:non-reserve ratios were the lowest for the non-harvested species: 2.50 ± 0.76 times more egg production potential inside the reserves compared to outside for garibaldi and 1.35 ± 1.35 times more for rock wrasse.
Discussion
More, larger target fish inside reserves
We found that marine reserves in southern California showed biologically meaningful increases for target fish populations inside their borders for density, size, biomass, and egg production. For all targeted fish in this study (kelp bass, barred sand bass, female and male sheephead) density increases for all sizes ranged from 60% to 270% (mean 150%) inside reserves (i.e., ratio of densities inside : outside ranged from 1.6 to 3.7 with a mean of 2.5). Halpern's (2003) meta analysis reported similar density increases for temperate reef fishes (all sizes, mean 170%). The larger sizes found here (20-40%, mean 30%) inside reserves were also similar to temperate reef fish (10-100%, mean 40%) in Halpern (2003) . However, biomass increases (all sizes) were higher in this study (190-880%, mean 440%), compared to Halpern's (2003) report for temperate reef fish (70-150%, mean 110%). Although reserve and control habitat characteristics were not significantly different in this study, differences in key characteristics between island and mainland locations likely contributed to the significant site effects found in all fish assemblages and population parameters. Both reserve and control locations at the island sites were distinguishable from mainland locations by higher relief substrate and increased density of giant kelp, corresponding to higher densities of target species at island compared to mainland sites.
The response of legal-sized targeted fishes is rarely reported, which is surprising because the most obvious response to protection from fishing would be expected among animals available to the fishery. Indeed, the most dramatic responses to reserve protection we found were for legal-sized targeted fishes, with density increases ranging from 110% to over 1400% (mean 580%) and biomass increases ranging from 250% to 2600% (mean 1000% Halpern (2003) , only three quantified biomass, and no reports of egg production were included. For the species in our study, biomass and fecundity are generally the cube of fish length. For example, we detected increases in mean density and size of kelp bass (all sizes) inside reserves of 180% and 40%, respectively. These gains translate to estimated increases of 880% in biomass density and almost 1500% in estimated egg production. In this study the three species targeted by fisheries showed increased egg production inside reserves from 250% to 14800% (mean 730%).
Marine protected area size
Despite the small size of the reserves examined in this study (0.13-1.86 km2), we found substantial benefits to targeted fish populations inside MPAs. Currently, systems of reserves are being planned with larger individual reserves designed to work together as a network. For example, within the California Channel Islands National Marine Sanctuary (CINMS), the 2003 state regulatory phase implemented 10 no-take areas and two limited-take areas encompassing 350 km2. The 2007 CINMS federal regulatory phase added an additional 385 km2 to the network, and the Marine Life Protection Act process has approved 220 km2 of notake areas along the Central Coast of mainland California. How MPA effects will increase in magnitude for fish populations in larger reserves compared to the small MPAs here has not been demonstrated. With the substantial increases demonstrated in the small, isolated reserves included in this study, we would expect proportionately larger increases within the nearshore rocky reef portions of these large reserves. Studies of these reserve networks will be required to determine whether the networking results in even larger increases.
MPAs and fisheries
Increasingly, marine reserves are being used as tools to protect marine ecosystems from the detrimental effects of fishing on the structure and function of benthic marine communities. However, stakeholders, scientists, and managers are hindered by the current lack of rigorous empirical research on their effects. This is problematic for decision makers faced with difficult choices between long-term ecosystem protection and the immediate socioeconomic hardships that may result from creating an area closure (Scholz et al. 2004) . Results from studies using replicated reserves, such as those presented here, can be generalized to inform the public about the effects of reserves on fish assemblages in coastal marine ecosystems. For example, Field et al. (2006) point out that the increasing use of MPAs leads to a greater need for spatially explicit stock-assessment models that can account for differences in both abundance and life-history parameters between reserve and open areas. Stock assessments must estimate abundance and productivity. However, stock assessments are generally unable to estimate abundance and productivity in spatially explicit models due to both inadequate data and the relative increase in model complexity. Our present study quantifies differences between MPAs and harvested areas for densities (abundances), size structure, and spawning biomass; future research that includes differences in natural mortality, growth, and maturity would further assist spatially explicit stock-assessment models.
A far-reaching benefit to fish populations realized from MPAs not found with traditional fisheries management is the concentration of increased spawning biomass and egg production within a specific location. Because most marine species produce larvae that disperse, resulting in "open" populations that are replenished by local and distant sources of recruitment, populations protected within MPAs have the potential to replenish fisheries (Hastings and Botsford 2003) . Actual benefits will depend on size and spacing between MPAs, which can be self-recruiting and/or disperse larvae to other MPAs and fisheries. Estimates of larval durations (30-90 days in the plankton) of temperate reef fishes along the coast of western North America (Carr and Syms 2006) suggest scales of dispersal on the order of tens to hundreds of kilometers for demersal fish species (Kinlan and Gaines 2003) . Increased larval production is a critical conservation and fisheries benefit unique to MPAs, with impacts both within and outside their borders. Although egg production and the fate of larvae are currently difficult to track, MPA science will need to continue moving toward more sophisticated approaches in addressing this issue (see Cowen et al. 2006) . Finally, there is concern among scientists that uninformed advocacy of MPAs may overstate the benefits we can expect from area closures (Allison et al. 1998, Hilborn et al. 2004 ). It is imperative that decisions to implement and manage MPAs are made using the best available science and that the scientific community continues to evaluate and improve its own methods in furthering that science. Failure to do so will likely lead to unrealistic expectations regarding the extent and nature of benefits that MPAs will provide. In addition, poor design choices could lead to unnecessary hardships for fishermen faced with loss of fishing grounds, as well as lost opportunities to protect the vital ecosystem functions that marine resources provide us. Although MPAs can provide substantial conservation benefits and may augment fisheries, they are a supplement, not a substitute for traditional fishery management.
